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Quality of hermetically packaged nonfat dry milk in long-term storage
M.A. Lloyd (michelle_lloyd@byu.edu), L.V. Ogden, and O.A. Pike
Department of Nutrition, Dietetics and Food Science Brigham Young University Provo, UT 84602
ABSTRACT
Twenty samples of regular and instant nonfat dry milk (NFDM) packaged in No. 10 cans and
stored up to 29 years at ambient conditions were analyzed for sensory and nutritional quality.
Stepwise regression indicated that age and oxygen level (only 6 samples with <2%
headspace oxygen) explained 78% of the variation in overall acceptability (2.9-6.2) scores. A
23-year old sample with low oxygen was not significantly different from fresh samples. There
was no significant difference in acceptability between regular and instant NFDM. Available
lysine (1.4-2.6 mg/100g), thiamin (2.7-4.0 μg/g), and riboflavin (12.7-20.2 μg/g) were fairly
stable and did not show a strong correlation with age or overall acceptability.

INTRODUCTION
Over the past few decades, nonfat dry milk (NFDM) has been packaged for long-term
storage in No. 10 cans under reduced oxygen and stored in residential locations for use in
emergency situations. Those who have stored NFDM for extended periods of time question
its palatability and nutritional value.
While most storage studies have evaluated the quality of NFDM stored for up to one
year (Ford and others 1983; Hurrell and others 1983; deBoer and others 1984; Okamoto and
Hayashi 1985; Parris and others 1989), some researchers have studied NFDM stored for
longer periods of time (Henry and others 1947; Mercurio and Tadjalli 1979; Driscoll and others
1985).
Mercurio and Tadjalli (1979) compared a sample of instant NFDM that had been stored
in a sealed metal canister in a basement for 20 years to fresh NFDM and found that the stored
sample had lost 61% of the vitamin B1, 50% of the vitamin B2, and 30% of the available
lysine, and reported that the milk had an unacceptable flavor and odor.
The objective of this research was to evaluate the sensory nutritional quality of NFDM
in hermetically sealed cans with reduced oxygen levels held in long-term storage and to
determine the correlation that exists between sensory and nutritional quality.

METHODS
Samples
Twenty samples of regular and instant NFDM (representing 9 brands) stored up to 29 years at ambient
conditions were obtained from 14 residential sources. Samples were solicited through a newspaper
article distributed throughout the United States. Samples of NFDM were accepted if they met the
following criteria: packed in sealed No. 10 cans, stored at non-abusive temperatures, and storage time
could be determined. Control (<3 m) samples were obtained from commercial vendors.

Headspace Oxygen, Can Seams, and Water Activity
Headspace oxygen was measured using the 3500-Series Headspace Oxygen Analyzer (Illinois
Instruments, Inc., Johnsburg, IL). Can seams were evaluated by an using the SeamMate System
(Onevision Corporation, Westerville, OH) to measure the following seam dimensions: thickness, width,
body hook, cover hook, and overlap. Seam tightness was rated on a scale of 0-100%. The seams
were given an overall rating of good, okay, and poor by an experienced evaluator. Water activity was
measured using an Aqualab CX-2 (Decagon Devices, Inc., Pullman, WA).

Color
CIE L* (dark 0 to light 100) a* (green – to yellow +) b* (blue – to yellow +) color values were measured
with a glass sample cup using the Hunterlab Colorflex Spectrophotometer (Hunter Associates
Laboratory, Reston, Va., U.S.A.), with three measurements taken on each sample.

Solubility Index
The solubility index was measured according to the method of the American Dairy Products Institute
(ADPI 2002), by reconstituting the milk in a blender and centrifuging in a graduated conical test tube to
determine the insoluble portion.

Sensory Evaluation
Sensory evaluation was conducted at the BYU Sensory Laboratory using a Williams Design. Samples
were reconstituted to 9% solids and served in a randomized manner to a 50-member consumer panel in
4 visits. Panelists evaluated aroma, flavor, and overall acceptability using a 9-point hedonic scale.
Sensory storage-life was determined by asking the panelists whether or not they would (1) drink or (2)
use each sample in a recipe in an emergency situation where no other food was available.

Vitamin Determination

RESULTS
Headspace Oxygen, Seams,
Water Activity, and Color
Headspace oxygen (Figure 1)
ranged from 0.05%-20.9%. Also
shown is the oxygen removal
treatment (nitrogen, carbon dioxide, or
oxygen absorbers). Only 6 of the 20
samples had <2% headspace oxygen.
The sample with 20.9% oxygen
had poor can seams, while the other
samples had can seams sufficient
enough to create a hermetic seal.
Such wide ranges in residual oxygen
may be due to such causes as
insufficient flushing with inert gases,
insufficient moisture in the NFDM to
completely activate the oxygen
absorbers, or the use of depleted
oxygen absorbers.
Water activity (Figure 2) ranged
from 0.13-0.25, which is typical for
NFDM, corresponding with 3-5%
moisture (Walstra and others 1999).
No strong correlation was found
between water activity and sensory or
nutritional attributes, indicating that
loss of NFDM quality is relatively
unaffected in this water activity range.

CONCLUSIONS
Sensory Quality

Sensory Storage-Life

Nutritional Quality

Figure 4 shows sensory results for aroma,
flavor and overall acceptability. Aroma scores
ranged from 4.3 to 5.6. Flavor scores ranged
from 2.8 to 6.2. Overall acceptability score were
closely aligned with flavor scores, with a range
of 2.9 to 6.2. Those samples which scored
lower in aroma also scored lower in flavor and
overall acceptability.
Stepwise regression indicated that age
and oxygen level explained 78% of the variation
in flavor and overall acceptability scores.
However, a 23-year old sample with low oxygen
was not significantly different from fresh samples
in flavor and overall acceptability.
Comparison of instant and regular NFDM
showed no significant differences in overall
acceptability, indicating both types are suitable
for storage. This agrees with the research of
Driscoll and others (1985).

The data showing percentage of
panelists who would drink each sample in an
emergency is shown compared to sample age
(Figure 5). The willingness of panelists to drink
NFDM an emergency situation decreased with
sample age. Sensory scores for overall
acceptability were highly correlated with % of
panelists who would drink (R2=0.95) and use
(R2=0.92) each sample in an emergency
situation (data not shown). Panelists were
more willing to use each sample in an
application other than drinking, with 75% of the
panelists indicating they would use the sample
that received lowest overall acceptability score,
compared to 63% who would drink that sample.
If the value of <50% was used to determine the
end of shelf-life (Duyvesteyn and others 2001),
all of the samples in this study would be
considered acceptable for use in an emergency
situation.

Thiamin (Figure 6) ranged from 2.7 to 4.0 μg/g.
Riboflavin (Figure 7) ranged from 12.7-20.2 μg/g.
Unlike Mercurio and Tadjalli (1979) who found
significant losses of vitamins B1 and B2 in NFDM stored
for 20 years in a sealed metal canister in a basement,
our data shows that the B-vitamins were fairly stable
and did not deteriorate with age. Available lysine
(Figure 8) varied from 1.4-2.6 mg/100g. NFDM and did
not have a strong correlation with sample age.
No correlations were found between any of the
nutritional attributes and overall acceptability,
indicating that the sensory quality of NFDM stored up
to 29 years at non-abusive temperatures in
hermetically sealed cans does not necessarily reflect
the nutrient content for vitamins B1 and B2 or lysine.

There is a general decline in
sensory quality of NFDM during longterm storage at ambient conditions in
residential storage, while nutritional
quality remains fairly stable.
Though many factors affect the
sensory and nutritional attributes, the
quality of NFDM currently stored in
No. 10 cans at non-abusive
conditions in residential storage
would likely be acceptable to the
users in an emergency situation.
Companies who package NFDM
in No. 10 cans for long-term storage
need to ensure proper packaging
(especially with regard to reducing
oxygen) to optimize keeping quality.
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